Evaluating stability performance and range of adaptation is becoming increasingly important. If cultivars are to be selected for a large group of environments, stability and mean yield across all environments are more important than yield for specific environments. This study was conducted to assess the stability of 3 extra early maize under high and low nitrogen environments. The experiments were conducted at two locations in 2009 and 2010 wet season under high and low N applications. Additive Main Effect and Multiplicative Interaction (AMMI) and GGE biplot were used to assess the genotype-by-environment interactions. The mean square analysis reveals a significant difference for environments effect and a lack of significant mean squares for varietal effects under high and low N and across the research environments. 2004-SYNEEW gave the highest grain yield under combined analysis. Environment sum of squares under AMMI model accounted for about 98.79% of the treatment sum of squares. The first PCA scores accounted also for about 98.75% of the interaction effect. 2004-SYNEEW had the least PCA scores and the most stable with yield above average under the GGEbiplot model. Both models identified 2004-SYNEEW as the most stable variety.
PUBLIC INTEREST STATEMENT
Maize is a major staple in Nigeria but the yield obtained in farmers field is very low. This is majorly due to low soil fertility and low rate of fertilizer application using both mineral and organic fertilizers. The Northern Guinea Savanna is the major maize producing region in Nigeria and other Sub-Saharan African Countries. Recently, production of maize is on the increase due to availability of early/extra early maize. Extra early maize has the potential to escape end of season drought which is usually experienced in Sudan Savanna as a result of short duration of rainfall. This study therefore aimed to identify extra early maize genotypes that are high yielding under low fertility soils and can maintain this yield across different locations in Sudan Savanna of Nigeria. The research identified a potential extra early maize variety that was high yielding and stable under high and low nitrogen application.
Introduction
Conduct of multi-environment trials (MET) for all major crops throughout the world is important in achieving high yielding and stable cultivars (Fikere, Tadesse, & Letta, 2008; Yan, Cornelius, Crossa, & Hunt, 2001 ). The main purpose of MET is to identify superior cultivars for recommendation to farmers and to identify environments that best represent the target environment for a particular variety (Yan et al., 2001) . If cultivars are to be selected for a large group of environments, stability and mean yield across all environments are more important than yield for specific environments (Piepho, 1996) . Several statistical methods have been developed for anlaysing GEI or phenotypic stability (Becker & Leon, 1988; Crossa, 1990; Lin, Binns, & Lefkovitch, 1986; Piepho, 1998; Westcott, 1986) . These methods can be divided into two major groups, univariate and multivariate stability (Lin et al., 1986) . Joint regression is the most popular among univariate methods because of its simplicity of calculation and application (Aremu, 2005; Ariyo, 1987; Ariyo & Ayo-Vaughan, 2000; Eberhart & Russell, 1996) , whereas Additive Main Effect and Multiplicative Interaction (AMMI) and Genotype and genotype-byenvironment (GGE) biplot methodology have recently being used as the main alternative multivariate approach to the joint regression analysis in many breeding programs (Annicchiarico, 1997; Badu-Apraku et al., 2013 Yan & Kang, 2003 ).
The AMMI model combines the conventional analysis of variance for additive main effects with the principal components analysis (PCA) for the non-additive residuals into a single analysis (Crossa, Gauch, & Zobel, 1990; Gauch, 1993; Piepho, 1996; Zobel, Wright, & Gauch, 1988) . This model has proved superior and more effective especially when both the main effects and interactions are important. AMMI analysis has been reported to have significantly improved the probability of successful selection (Gauch & Zobel, 1997) and was considered appropriate if one is interested in predicting genotype yields in specific environments (Annicchiarico, 1997) . Thus, it helps in summarizing the pattern and relationship of genotypes, environment and their interaction in a graphical way (Gauch & Zobel, 1996) . Gauch (1992) reported that AMMI is effective for several purposes such as understanding GEI, improving the accuracy of yield estimates, increasing the probability of successively selecting genotypes with the highest yields, imputing missing data and increasing the flexibility and efficiency of experimental designs. Ultimately, these advantages imply larger selection gains in breeding research and more reliable recommendations in Agronomy (Ntawuruhunga, Rubaihayo, Whyte, Dixon, & Osiru, 2001 ).
The "GGE biplot" methodology developed by Yan and Kang (Yan & Kang, 2003) is a recent addition to the tools for analysis of MET. "GGE" refers to the genotype main effect (G) plus the genotype × environment interaction (GE), which are the two sources of variation that are relevant to cultivar evaluation. The biplot methodology (Gabriel, 1971) simultaneously displays both the genotypes and the environment in a graphic form and inferences about their interactions can be made (Nwachukwu, Ikeorgu, & Asiedu, 2006) . GGE biplot is superior to the AMMI model in mega-environment analysis and genotype evaluation because it explains more G + GE interaction and has the inner-product property of the biplot (Yan, Kang, Ma, Woods, & Cornelius, 2007) . The GGE biplot technique has been extensively used in the analysis of multi-location trials of wheat (Yan et al., 2001) , yam (Nwachukwu et al., 2006) , rice (Sanni, 2008) , okra (Adekoya, 2008) , cowpea (Akande & Balogun, 2009 ) and maize (Badu-Apraku, Fontem, Akinwale, & Oyekunle, 2011; Badu-Apraku et al., 2013 .
The possible impact of genotype-by-environment interaction (GEI) analysis on maize grain yield improvement can be used to identify the constraints to productivity and hence formulate strategies for breeding and agronomic research. Performance of maize under different fertilization will go a long way in assisting small scale farmers in increasing their productivity per unit area. The research was conducted to study the stability performance of three commonly cultivated extra early maize varieties under high and low nitrogen level in the Sudan Savanna. ) application were used (Table 1 ). The varieties were laid out in Randomized Complete Block Design and replicated three times. The plot size was 21 m 2 (5.25 × 4 m) comprising of 7 ridges (0.75 m apart) of 4 m length and the net plot used for taking measurements was 9 m 2 so as to eliminate border row effects. The maize varieties were planted at a spacing of 75 cm between rows and 25 cm within rows. Two seeds per hole were sown and later thinned to one seedling per stand at two weeks after planting. Nitrogen Fertilizer was applied in the form of urea as per treatment in two splits (2 and 6 WAS). Phosphorus (P 2 O 5 ) and potassium (K 2 O) were applied using SSP and MOP, respectively. The experimental fields were cleared, harrowed, ridged and thereafter sprayed with a pre-emergence herbicide Primextra (Atrazine + Metolachlor) at the rate of 4 L per hectare before planting. Supplementary hoe weeding was carried out.
Materials and methods
Composite soil samples were collected at each of the locations, described, characterized and classified to the sub-group level. All soil samples were air-dried on trays. After drying, the clods were broken using a porcelain mortar and the ground soil sieved through a 2 mm mesh sieve. The sieved samples were stored in plastic containers and taken to the laboratory for physical and chemical analysis using standard procedure (IITA, 1982) . Data was recorded on plant height, days to anthesis and silking, anthesis silking interval (ASI), shelling percentage, grain yield and stover yield. The data collected were analyzed separately for each nitrogen level using analysis of variance (ANOVA). A combined ANOVA was done across the nitrogen levels. In the analysis, environments and replications were considered as random effect while varieties were considered as fixed effects. The analyses were done using SAS 9.2 (SAS Institute, 2010). The data collected were further subjected to Additive Main effect and Multiplicative Interaction (AMMI) analysis using Genstat 16th Edition. In this analysis, each experiment was considered an environment, therefore making a total of eight environments. For any particular genotype -environment, the main effect equals the cultivar mean plus the environment mean minus the grand mean. The interaction is the cultivar IPCA score multiplied by the environment score. When a cultivar and an environment have the same sign on their respective first IPCA axes, their interaction is positive; if different, their interaction is negative. An AMMI biplot is a graph where aspects of both varieties and environments are plotted on the same axes so that interrelationship can be visualized. Varieties or environments with large PCA 1 scores, either positive or negative have large interactions, whereas varieties with PCA 1 score of zero or nearly zero have small interaction (Crossa, 1990) . The AMMI statistical model equation used was: where Y ger = the trait rating of genotype g in environment e for replicate r; μ = the grand mean; α g = the mean deviation of genotype g (genotype means minus grand mean); β e = the mean deviation of the environment e; n = the number of PCA axes retained in the model; λ n = the singular value for PCA axis n; y gn = the genotype g eigenvector value for PCA axis n; δ en = the environment e eigenvector values for PCA axis n; p ge = the AMMI residuals and Є ger = the residual error.
The eigenvectors are scaled as units of error and are unitless, whereas λ has the units of the yield.
The data collected were also subjected to the "GGE" biplot analysis to visualize the GE interaction. The analyses was done using GGEbiplot, a Windows application that fully automates biplot analysis (Yan et al., 2001) . In this biplot, the genotype main effect are the primary effects and the first principal component (PC1) derived from subjecting the residual to singular value decomposition (SVD) of the environment-centered data as the secondary effect (Mandel, 1961) . Mandel (1961) 
Results
The soils at both locations were classified as Typic Plinthustalfs using the USDA Soil Taxonomy (Soil Survey Division Staff, 2002) . The pH of the soil in BUK was 6.2, which makes the soils slightly acidic (Table 2) . At Komau the soil pH was 5.5 which makes the soils strongly acidic with a loamy texture ( Table 2 ). The soil also had a low total N content (0.68 g kg ). The organic carbon and available P contents were even lower than the values at BUK (7.32 g kg −1 and 6.25 g kg −1
, respectively). The mean squares of some agronomic traits of maize under high nitrogen level are presented in Table 3 . Significant mean squares were observed between the environments across all trait except for plant height. There was a lack of significant mean squares between varieties for the traits measured except for ASI. The mean squares for interaction between environment and varieties were not significant. Significant mean was observed for all traits measured across environments except for ASI and this was the only significant trait across varieties under low nitrogen (Table 4 ). In the combined analysis (Table 5) , there was a lack of significant mean squares for ASI across all environments. Plant height and ASl had significant mean squares for varieties. Generally, there was no significant mean squares for GEIs at both level of nitrogen applications and across the combined levels of applications.
The mean performance of the varieties for some agronomic traits are presented in Table 6 . The mean plant height under high N was higher than low N by about 28% . The mean plant height across the environments was 1. The mean days to anthesis and silking under high N were 47.9 and 50.7 days, respectively. Under low N the mean days to anthesis and silking were 54.1 and 57.3 days, respectively. Days to anthesis and silking of 51.1 and 53.9 respectively was observed across environments. The mean shelling percentage of the varieties under high N was about 20% more than the mean shelling percentage under low N ( Table 7) . The mean shelling percentage across the research environment was 9% less ) in the combined analysis across environments. While the yield of TZEEW-POPX was close to the average yield.
Grain yield across the environments was 27% less than the grain yield under high N. There was a highly significant mean squares for treatments and environments (Table 8 ). The mean squares for genotypes (varieties) and interactions were not significant. The first PCA score accounted for 98.75% of the interaction sum of squares while the environments accounted for 98.79% of the treatments sum of squares. The mean yield of the varieties ranges from 2,547 to 2,605 kg ha −1 for TZEEW-POPX and 2004-SYNEEW, respectively (Table 9 ). 2004-SYNEEW had the least first PCA scores while 2000-SYNEEW had the highest scores. Table 10 shows the interactive PCA scores of environments. The mean yield ranges from 391 to 4,781 kg ha −1 for E7 and E1, respectively. E4 had the largest PCA scores followed by E1 while E7 had the least.
From the GGE biplot, 2004-SYNEEW was more stable and had a yield above average (Figure 1 ). 2004-SYNEEW had a good performance in E4 while 2000-SYNEEW in E8. The performance of TZEEW-POPX was low but was relatively good at E5 and E7 (Figure 2) . From Figure 3 , E5 and E7 are related and E4 and E1 are also related. Table 7 . Mean performance of yield and yield components traits of maize under high and low nitrogen level 
Discussion
The significant difference observed for the environments under high N is an indication that the environments were highly variable and this may be due to differences in rainfall of the environments as shown in Figure 4 (A)-(D). The lack of significant difference for varieties implies that the varieties had similar performance and this was also evident by the non-significant variety by environment interactions observed. Similar trend was observed under low N. The lack of significant differences between the varieties indicates that the response of these varieties to N is the same. This may also indicates similar physiological responses of the maize varieties. Shaibu, Rabiu, and Adnan (2015) reported lack of significant differences in physiological responses of maize grown under the same environmental condition with uniform fertilizer application. The combined analysis across the eight environments also indicates that each environment is unique and this may be partly due to the rainfall observed at Komau in 2009. Grain yield of 2004-SYNEEW was the highest under low N and across the research environments but was the least under high N although there was no significant difference between the varieties. This could be possibly due to inherent ability of the variety to tolerate low nitrogen application.
From the AMMI analysis, the environment accounted for about 98% of the sum of squares while genotype was only 2%. This is in accordance with the report of Kaya, Akcura, and Taner (2006) , Farshadfar, Mohammadi, Aghaee, and Vaisi (2012) and Mohamed, Said, and Amein (2013) . In their study, the effects of E, G and GEI account for 81, 7.3 and 11.7% of the total treatments variation respectively. According to Gauch and Zobel (1997) , in standard METs, environment effect acts 80% of the total sum of treatments and 10% effect of genotype and interaction. The large first PCA score indicates the adequacy of AMMI model in interpreting the interactions. The variety 2004-SYNEEW had the least IPCA scores which is an indication that it is most stable among the three varieties. Across the environments, E5 with the least IPCA score was also a good tester environment.
Further analysis using GGEbiplot revealed that 2004-SYNEEW was the most stable variety and produced yield of about 1.8 t/ha even under low N application.
Conclusion
Choice of variety depends on the stability of the variety and high yield. The high cost of fertilizer have always been a problem to small scale farmers and farmers are willing to accept varieties with high yield under low to moderate fertilization. Based on the findings of this study, 2004-SYNEEW was a good choice because of its stability across the various fertilization levels. Application of low N can still be an alternative to small scale farmers with low resources because of the mean yield observed under low N. However, the yields under low N are not stable as such will vary under different edaphic environments and climatic conditions. AMMI model and GGEbiplot were in agreement in terms of identifying stable variety and ideal environments. 
